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Composition A5 Classification Tests
R284 Traocer Mix TB 700-2

Igniter Mix I559

Sub-Igniter Mix 1560

Three pyrotechnic compositions (R284 Traoer Mix, I559 Igniter Mix, and I560
Sub-Igaiter Mix) and one high explosive (Composition A5) were subjected to classifica-
tion tes:is as outlined in Chapter 3 of U, S, Army Teohnical Bulletin 700-2, Explo-
sives Hazards Classification Prooedure, Change 1. The results indicated that the
three pyrotechnic compositions did not exhibit characteristics of a detonation, but they
did not paas the impaot sensitivity test. The Composition A5 high explosive exhibited
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FOREWORD

The ARRADCOM Resident Operations Office has conducted experiments on three
pyrotechnic compositions and ond high explosive compostition to determine the probable
hazard classtilcations. The Investigation was conduoted for the ARRAL'COM Large
Caliber Waeapons Systems Laboratory in connection with an overall program to deter-
mine the TT equivalency of munitions componsents,

The author wishes to acknowledge the technical assistanoe of the Kazards Test
Range fleld ocrew of Computer Sofences Corporation,
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SUMMARY

Composition A5, R284 Tracer Mix, Igniter Mix I559, and Sub-Igniter Mix I560 were
testad in accordance with Chapter 3 of U, S. Army Technical 3ulletin 700-2, Chunge 1,
and the results are shown in the following Table. Composition A5 exhibited characteristics
of a detonation and the three vyrotechnic comoositions failed to exhibit the same character-
istics,

Ignition and Impact Card
Detonation Unconfined Sensitivity Thermal Gap

Samgle Material Test Burnlgg ' Test* Stab!lig_z_ Test
Compesition Explosion No Explosfon !0 at 9.53 om 245

No Explosion

AS 6 at 25.4 om Cuard

1560 Sub-Igniter Complete No Explosion |1 at 9,53 em| No Explosion | No

Mix Burn 6 at 25.4 om Detonation
1559 Igniter Complete No Explosion | 0 at 9.53 em| No Ex, osion | No

Mix Burn 2 at 25,4 om Detonation
R284 Traocer Complete No Explosion | 1 at 9.53 om| No Explosion | No
Composition Burn 9 at 25.4 om Detonation

* Indicates number of explosions at each drop height,
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INTRODUCTION
BACKGROUND

Clrssifoation of bulk pyrotechnic compositions, propellants and explosives is current-
ly acoccmplished by evaluation of test data obtzined in accordanoe with Chapter 3, U. S.
Army TB 700-2, Chapter 3 provides test requirements to asaign bazards olassifioation for
transportation of bulk pyrotechnic compositions, propellants and explosives. These tests
are designed to determine the ease of initiation and stability of bulk compcsitions during
shipping and handling. The results of tests may be utilized by cognizant DoD/DoT agencies
to assign hazards classtfication indices and to determine compatibility for transportation
and handling.

OBJECTIVE

The objective of this study was to proviae results of classification testing in accordance
with U. S. Army Technical Bulletin 700-2, Change 1, on selected py.otechnic and explosive
compositions.

MATERIALS AND METHODS
TEST MATERIALS

The explosive composition tested was Composition A5, Type I high explosive IMIL-E-~
14970A (Mu), 6 September 1970, with amendment, lot number HOI1.-015-73), cortaining
98.5-90, 0% RDX and 1.0-1,57 stearic acid.

The pyrotechnic compositions that were tested included: R284 Tracer Composition
with a composition of 28F magnesium, 557 strontium nitrate, and 17¢, polyvinylchloride;
1560 Sub-Ignit-> Mix with a composition of 157 polyvinylchloride, 27.5% strontium nitrate,
27.5% masncviara powder granular 12, and 307 strontium peroxide; and 1559 Igniter Mix
with a composition of 79,55 of 1136 pre-mix (907 strontium peroxide, 109 calcium resinate)
and 20.5% of pre-mix (29.37 lead dioxide, 70.7% magnesium type 3), All of the pyro-
technic compositions were shipped from Lake City Army Ammunition Plant in 4, 54-kilo-
gram quantities,

DETONATION TEST

A series of tests were performec o measure the sensitivity of the compositions to the
reaction of a number 8 blasting cap. A 5.08-centimeter (2-inch) oube sample was placed
on top of a perpendicular 3, 81-om (1.5-inch) dlameter by 10, 16-cm (4-inch) high lead
cylinder. The number 8 blasting cap was placed perpendicular to, and {n contaot with, the
top surfa 3 of the sample. A 5,08-cm (2-inch) wood oylinder with a hole drtlled through
its center was utilized to position and support the blaating cap. The cap was {nitlated hy
a suitable electrical current. Detonation of the sample was evidenced by deformation
(mushrooming) of the lead c’linder. This test was conduoted a mi{nimum of five timas, or



until detonation was evidsnced, whichever was less, Observations were riade to deter-
mine whether the sample exploded, burned, and/or [ragmented,

IGNITION AND UNCONFINED BURNING TEST

These tests were conducted on single and multiple (four) 5,08-om (2-inch) cube
samples. For Test No, 1 (single sample test) a 5. 03-cm (2-inch) oube sample was placed
on 1 bed of kerosene-soaked sawdust which was {gnited with an electrically {rit...'3d match
head igniter. This test was conduoted a minimum of two times, For Test No., 2 (multiple
sample test) four 5, 08-om (2-inch) cube samples were placed end-to-end in a single row
tr. contact with each other on a single bed of kerosene-soaked sawdust and ignited with an
eleotric natch head igntter at one end, This test was conducted a single time. The Ignition
and Unconfined Burning Test data includes 2 report of ocourrence of detonation or burning
times of samples,

THERMAL STABILITY TEST

The samples weie : ubjectec. to elevated temperatures to permit the cbservance of
characteristic tendenctes to detonate, ignite, decompose or to undergo a change in con-
figuratton under adverse storage conditions, The samples were placed in an explosion-
proof oven in which the {. mperature was maintained at 75° C (167° F) for a period of 48
hours, Oven temperature was continuously recorded throughout the test period. Observa-
tinrns that were recorded included whether the test specimen exploded, ignited, and’or
underwent a change in configuration such as weight loss or change in color.

IMPACT SENSITIVITY TEST

A series of 20 tests were performed to determine the sansitivity of the sample compo-
s{tion to mechanical shock (impact). These tests utilize the Bureau of Explosives {impact
test apparatus. A 10-mg sample was placed in the test cup, the test weight was dropped
{rom a predetermined height, striking the sampls.

The results of the 20 tests per sampie, 10 at 9.5-cm (-3 /4-inch) drop height ard 10
at 25,4-ocm (10-inch) drop height, were reported as the numbx ¢ of trials exhibiting: (1)
explosion, (2) decemposition, and (3) o reaction,

CARD GAP TEST

The sample materiais were placed {n a 13,97-cm (5. 5-inch) long cold-drawn, seamless
steel tube, composition 1015, having an outside diameter ot 4.76 om {1.875 inches) and a
wall thickneas of 0,556 om (0. 219 inoh). The assembly was placed on & 15,24~ by 15,24~
by 0.953-cm (£- by 6- by 3/8-tnch) steel witness plate in such a manner as to have a 0, 159-
om (1/16-1rch) air gap between the tube ana the witness plate. Two pentolite petlecs, 5,08
centimeters in diameter by 2. 54 centimeters in height (2-inch dlameter by 1-inch height)
were placed directly on top of the assembly and in contact with the sample matertal; {.e,,
without the intervention of any acetzte cards between the sample and pellets, (Aocetate
nards are used only when evitence of a detonation ocours on the first trial.) A J-2 Engi-
neers' spacial blasting cap was positioned on top of the peatolite and the complete Card Gap
test assembly was gupported approximately 15.24 om (6 tnches) above the ground surface,
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The J-2 Engineers' special blasting cap was then initiated causing detonation of the two
pentolits pellets. Detonation is indicated when & olean hole is cut in the witneas plate.
The measure of charge sensitivity {s the length of attenuation (gap length) at which there
s 500 probability of detonation. The charge sensitivity will be expicssed in terms of
0,025-cm (0, 01-inch) cards neoessary for the 507 value between detonation and no detona-
tion.

RESULTS
DATA ANALYSIS

Data analysis is based upon go/no-go results of the tests. Mterpretation of the results
for DOT and DoD purposes leads to the following designations:

DoT Forbidden - if the results from the Thermal Stability test indicate either an
explosion, burning, or marked decomposition of the sample.

DoT Restricted - {f the Impact Sensitivity tests result {n 2n explosion at a drop
hoight of less tran 1 16-am ({1 inches),

DoT Class A (DoD Class 7y - {f one or more of the following ocour: (1) the Detonation
Test {ndicates sensitivity to a No. 8 blasting cap by mushrooming the lead block;
the Card Gap test Indicates a sensitivity value greater than 70 or more cards; 3) the
Impact Seunsitivity test produoces an explosion above 10,16 cm (4 inches) and (1) the
Igniticn and Unconflned Burming test produces a detonation.

DoT Class ¢ (DoD Class 2) - {f all of the {ollowing occur: (1) the Ignition and Unconfined
Burning test does not result tn an explosion; (2) the Thermal Stability test does not
result {n an explosion, burning or marked decomposition: (3) the Detonation test dees
not result in an explosion and (4) the Card Gap test results in a sensi*ivity of less than
70 cards or no reaction at zero cards.

The preceding classification scheme {s depicted in diagrammatic form in figure 1,

15081100
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Flgure 1, Interpretation of Test Results per TB700-_, Change 1.
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TEST RESULTN

Duta sheots for all tests are given In Appendix A, Rezults are shown {n Table

Table 1. sammary of Teat Results per Chapter 3 Army Techntoal Tailletin To0-2, Chary
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compasition A3 exhibited charaote tistion of masz dotonation {n the Detunation test by
mushrooming the load block, amd a 387 value of 245 candz waz eoended,  Composition A
eaploded durtng 6 trtals oat of 10 at 25, d-om 0-inoh) divg hefehi,

None of the py rotechnie compostions exhibited charactevistios of mass detonation bat
all terve famples showed positive reactiona in the tmpact apparmatus, BP8E Dmcer compee-
sttion explinded onoe at the 9, 325-0m (3-3 4T hatht and axplinded towe tHimes at the
2o 4sem (10=nehy deop helpht, 1560 Sub- mtter My exgplodet during ome of T tetals at the
oS- em (-3 - el hefght and =in of 10 at the 25, f-em (10-tnehs diop heteht, A stigle
eplosfon at the o, -om (Lo-Inehy anyg heipht was recondked for the ThA9 fanftse My,

DINCUSSTION

Interpretation of the test resultx by a comitzant safety representative woeald probably
result tna DoT Restrioted oiaaxifoation for the Ra0 Sub- eniter Mix and ROSH Veacer
compusition stnce the himpact tensaivity tests resulted fn 2 reaction at 2 droe hefpht of less
than 10,16 om (1 Inchexy,  The 1359 miter Mix would probabliy de olass{fted as 1oV Class
A, MUlitary Class 7, based upan the impact senszitivity reaulta,  None of the py ntechnic
compuesitions exlabited characterizticn of 4 mass detonating m’erial when subjected to open
Mime (Hrmition and Unconfined tirning Pest), to intenza shook amd conlinement (Cant Gap
Testy, or to mild initiation to determine relative eqse of Infttation (Detanatton Test),

settlestl fnterpretation of our. it clasiftication progcedires des{gnates 4 gihven wate -
rial as efthe r muass detuonating (DOT  axs A, oD Class 7)Y or Mlee Hasand (Dol Class O,
oD CY oty I definttion a pe tateohnde composttion xhoald fatl tn the Latte r catopory,
However, the intended use of the selected pynatechnios, asx tmiter and tracer mixes
diotates that they must be readily tenitable with mintmum enery amd thevelore woald be
axpectad to react at either ov buth of the tmpact text divp heightx,  The test vexults indicat
od that such {2 the case, Tt should be pofnted cait that sensiiivioy o impact, howewer, does




not Imply & temdency to mass detonate; the other tests specified in T BT00~-2 determines
this characteristio,

Using the results of all tests, the pyrotecheic compositions showed no tendency to mass
detonate. These results correlate with recent obse rvations of McKown and Meredith!-'
which show less than 30 peroent equivanlencies for these materials,

CONCLUSIONS

1. Composition A5 showed characteristic: of a mass-detonating material 2nd would prob-
ablv be oclazzifled as DoT Class A, DoD Class 7,

2. RI84 Traoer composition and 1560 Sub-mniter Mix (alled to mass detonats but dtd react
at 2 9.525-cm {mpact drop height and therefore would have s probable cltassification of
DoT Restricted.

3. 559 Igniter Mix fatled to mass detonate but did react at a 25, +—om tmpact drop befigh:
and would therefore hawve a probable classification of DoT Class A, DoD Class 7.
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pp 199-206, Annals of the New York Academy of Sclences, Vol. 152, Art, 1, Pre.vn-
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Hazardous Mixturex, Qctober 1968,

2. McKowm, G. 1, and W, E. Meredith, TNT Equivalency of R284 Tracer Compnasu”’
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TEST DATA SHEETS



February 19, 1978
ARRANCGM Resident Ope ration OIToS -
Soansoring Ay NASA National Space Technology Laboratory, NSTL Station, Ms 39529

Propetien: identity (Type Ma ) Composition AS

Propetiant Spec._ MIL-E-14970A(MU) Betch HOL-015-73 L
Dstonstron Test Exploded Surned Fragmented
Yu No Vc} No Y; No
X ___ N/A ___ NA
No 8 Blastig Cap I::z X - N/A — N7A
Test 11 X T MA NZA
Tost IV . @ —_ NHA
TestV X __ NA ___ NA __
Samgies F-wr 5 08-om cubes Test Ona blesting cap per sample.
lpnitian & Uncont:ned Burning Test Exploded Avorage Burning
Tes No Time, Seconds
Cne & 08-cm cude — X 27
One 5.08 cm cube — _i_
Four 5 08-cm cubes —_ — —_—
Samples  Six § 08 ¢m cubes Test lgrite & burn unconhined
Thermal Stabdity Text Explonron iprton Change in
Contwurstion
Yeos No Yes No Yo Ne
Onv 5.00¢m cube _— X X — X
Samples Cne S 08<m cube Test 48 hours at 75° € :n vanted oven
ord Gap Ten Dwtonation S0% Value 245 (Mo ot Carddd 280

tmpact Sentitnty Tast
Buresu ol € xplomves Impect Appanatus

95em {1757) X 4cm (1007
10 Trisls 10 Triake
No of Trisis Exhditing No of Trnals Exhibiting

Explosion i Decompastticn No Resction Explosion Dacompomtion No Resction
Flame and Smoke No Smoke Flame snd Smoke No Smoke
Noe O No Nowe () No Nowe 10 Noe 6 ‘ nows O No Nowe 4
Approved

Tes: custor Test Department Heed

Axgned Cissnificstion D00 Approw!

iCC Fortuddan Signature

ICC Restrcted®
| 16C Ciom A Title
anc Clam 8

Orgenizston -

*Shipaine nctructions are to be requestes fror . e 3-13A (2)
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Maroch 13, 1978 )

ARRADCOM Resident Operation Olfice T
Spemsering Agency___ NASA National Spece Techology Laboratory, NSTL Station, Ma 39629
Contract No. NAS13-50
Propelten: |dentity (Type Mo ) R284 Tracer Compoaition
Prapeilant Spec. Batch
Mt Dots
Detonetion Test Expleded Burned Fragmentnd
Yae Ne Y  Ne Yu No
. X
No. 8 Btasting Cap  Test ! — R — ——-
Tot 1t — —:—- x ~ —
Test W1 —_— - —_— A —
T v — X X —
Somples  Frve S.08.cm cubes Test  Ona bissting cap por sampie
lgrition & Uncontined Burnes Test Exploded Average Burning
vYes N2 Time, Seconds
One 5 08 cm cube R
One 5.08-cn cube _ X la.li
Four 5.08<m cubes — . - -—2-6-‘-8-
Samples Six 5.08 cm cubes Test igmite & burn uncontined
Thermael Stabdsty Tert Explomon lgnition Chenge
Contisurst..~
Yos No Yat No Yu Ne
One 5.08-cm cube - X x __ 2
Sampies. One 5.08cm cube Test: 48 hours at 75° C in vented oven.
Card Gop Tont 50% Value 0 (No. of Carde) 0

No Detonation

Impact Sensttimty Tett
R.aseu of Exponves Impect Apperstus
95¢cem (3.757) % 4em (1007
10 1raly 10 Trinks
e m e - e e e —————— e SRSV O _ J
No. of Trisls Exhiditing No. of Trnks Exhibit.ng

Explosion Decompasition No Resction Explosion Decompontien No Reaction
Flame and Smoke No Smoks Flame and Smoks No Smoke
Noiw ] N Nowe U No Noise 9 Noise 9 No Nows NoNow 1
Approved

Tost Dicoctor_ _ . Test Dopartment Heed _

Assigned Clasufication 00D Appiovel

1CC Forbidden Sigrature —— —

ICC Restricted®

10 Clasc A Title

ICC Clam 8 )

Orpenizetion —_—

*Shipping instructions sre to be requorted from (CC (pare 3-13A (2)
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Maroch i5, 1978

Dete
ARRADCOM Restdent Operations (O!foe

tpomanng Apency___NASA National Spage Teoha,logy Lsboratory, NSTL Station, Ms 39529
Contrect No. NAS13-50 o
Propelient ideatRy (Type No ) 1560 Sub- gnibr Mix ——
Propsiient Spec. et .
Mty Dete
Ostonetios Test Expk ond Butoed Fragmented
Yu L1 Yo No Y; No
X X N/A
No. T —_— —_— _ - _
0. 8 Blasting Cap T::. _ _L x_ _ m —
Teet 1 . X x __ P% —
Tert IV — x x N -
TestV . X X __ N/ _
Sampies Five 5.08¢m cubes 1ut Grs dasting cap per mmple.
ignition & Urcontined Burming Test E xpluoed Average Burming
Yo N Trme, Seconds
One § 08 .cm zube —_ X A9
One 5.08-cm cube — . S 13 '—:j-
Faur § 08-¢m cubst — A 143
Samples Six 5.08.cm cubes Tat ignte & bum uncontfined
Thermal Stabsrty Test Explonion lpnttion Chenge in
Contiguration
Yo No Yu No Yo No
One S 08-cm cube —_ x - X —_ x
Sampies One §.08-cm cube Tast 48 Nours 112 C i vented oven
Card Gop Tet  NO Detonation 50% Vaiue 0 {No of Caras) 0

Impact Sansitivity Test
Burmiu ¢! Explomy & impect Apsanstus

95em (3757} Wacm (W00}
10 Trials 1] Tne.
——— e -.{L- ________________________________________________
Ne. af Trsis Exhibiting +u of Trishs Exhibeting

Explogion Decom.posrtion No Resction Explor Oecompositicn No Resction
Flame and Smokse No Smoks Fle- -and Smoke Nc Smoke
Noie 1 NoNowm 2 NoNowe 7 . 8 NoNom O NoNewe 4
Approved

Test Directot Test Department Heed

Amgned Classificstion DOC Approvel

ICC Forbidden Sgraturs . -

ICC Restrict. _*

ICC Clams A " -

ICC Clam 8

Or wnirtion —

*Shipping 1 Tuctions are tn o0e requested Liom ICC . pa2e 3 -3A (2)

A-4



Meroa 16, 1978
ARRADCOM _esident Gperall =
Spemaring Apency___NASA Natfonal Space Teohnology Laboratory, NSTL Station, Ms 39529

Contract No. NAS13-50

Propeliont iderttity (Type Mo} __ 1559 Igmiter Mix _
Pregeliant §pe.. Bach
Mtg. Date
Oetonstron Test € xpiaetod Swmed Fragmented
Yu ke Yo Mo Ya Ne
No.8 Blmsting Cap  Tout | _— —:— —;- — ﬁ;ﬁ
-l — X X — N
T — . N . S N
ot IV —_—
TetV _ x x __ NA
Samples Five 5.00 tm cubse Test One biasting cap per sample.
tandtion & Uncenfined Burning Test Exploded Average Burmng
Yeos Neo Time, Soconds
One 5.08cm cube —_ —% S
Une $.68< cube _ _— 12
Faur 5.08-cm cubes —_- X 135
Sampiss  Six § 08-cm cubes Test igrute & burn uncontined
Thermal Stabtity Test Exploson Ipnition Changs
Contwurstion
Yaa No Ya No Yot No
One 5.08 tm cuba —_ . S X —_— X
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*Ehipping instructions are to be requested from ICC (pers 3-13A (2)
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